There is a global deficit of knowledge for effective therapies targeting the renin-angiotensin-aldosterone system (RAAS) in patients with pulmonary arterial hypertension (PAH). Preclinical research shows a role of systemic and local RAAS modulation in the pathogenesis of right ventricular failure and pulmonary vascular remodeling associated with PAH.^[@bibr1-2045894019868422]^ Experimental models have further demonstrated that aldosterone receptor antagonists (ARAs) improve pulmonary hemodynamics and pulmonary vascular remodeling.^[@bibr2-2045894019868422]^ Additionally, ARA-mediated natriuresis and mild diuresis may provide another proposed rationale for the benefit of use in PAH patients.^[@bibr2-2045894019868422]^

Despite these proposed benefits, little research exists evaluating the clinical benefit of ARAs in patients with PAH. A post-hoc analysis of the ARIES-1 and ARIES-2 trials evaluated patients with World Health Organization (WHO) Group 1 PAH randomized to ambrisentan 10 mg/day or placebo in whom spironolactone use was reported. The addition of spironolactone to ambrisentan resulted in a statistically non-significant improvement in 6-minute walk distance, plasma B-type natriuretic peptide concentrations, and WHO functional classification.^[@bibr3-2045894019868422]^

Patients with PAH are at risk for development of right heart failure (RHF) and therapies that potentially target the right ventricle could be of particular benefit. While no clinical research exists regarding the effect of ARAs on RHF to date, these agents have demonstrated unequivocal benefit in patients with left heart failure with a reduced ejection fraction.^[@bibr4-2045894019868422],[@bibr5-2045894019868422]^ The present study compared the rates of all-cause hospitalization in PAH patients receiving versus not receiving ARAs in addition to evidence-based PAH medication therapy.

We performed a single-center, retrospective review approved by our Institutional Review Board. All patients aged at least 18 years with WHO Group 1 PAH and a PAH clinic visit with the University of North Carolina (UNC) Pulmonary Hypertension Program between 1 June 2016 and 31 May 2017 were reviewed. We defined the index PAH clinic visit as the most recent documented PAH clinic visit in the study period. Patients were identified using a comprehensive electronic list maintained by the UNC Pulmonary Hypertension Program. Patients were excluded if an ARA was initiated or discontinued within the six months preceding the index PAH clinic visit, an additional class of PAH specific therapy was initiated within the three months preceding the index PAH clinic visit, left ventricular ejection fraction was ≤40% on echocardiogram, or they had concomitant presence of WHO Groups 2 through 5. Patients receiving ARA therapy (ARA group) were compared to those not receiving ARA therapy (control group) during the treatment period, defined as the six months preceding the index clinic visit.

All data were collected from the electronic medical record (EMR). Clinical information collected include WHO Group 1 PAH subtype; WHO functional classification at time of index clinic visit; concomitant therapy with PAH specific medications, calcium channel blocker, beta blocker, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, digoxin, or loop diuretic; right ventricular (RV) function on echocardiogram (RV dilation, RV contractile dysfunction, severity of RV contractile dysfunction); hemodynamic parameters (pulmonary vascular resistance, cardiac index, and right atrial pressure); 6-MWD; and NT-proBNP. RV function represents data from the most recent echocardiogram and hemodynamic parameters represent data from the most recent right heart catheterization within six months and one year of the index clinic visit, respectively.

The primary outcome was the rate of all-cause hospitalization during the treatment period. Admissions to hospitals other than UNC Medical Center were included if documented in the EMR. A subgroup analysis was conducted evaluating the primary outcome in patients stratified by WHO functional class.

Three hundred and nineteen patients were screened for inclusion and 69 patients met criteria for analysis with 18 patients in the ARA group and 51 patients in the control group. Patient characteristics are described in [Table 1](#table1-2045894019868422){ref-type="table"}. The median age was 56 years, majority of patients were PH WHO functional class I/II at time of index PAH clinic visit (61.7%), and majority of patients were on combination PH-evidence based medication therapy (60.9%). There were no significant differences between study groups. Notably more patients in the ARA group were receiving loop diuretics (66.7% vs. 51.0%) and had a higher pulmonary capillary wedge pressure (16 mmHg vs. 11 mmHg) compared to the control group, although neither were statistically significant. Table 1.Baseline characteristics.Control group (n = 51)ARA group (n = 18)pAge, median \[IQR\], years56 \[40--65\]54 \[49--60\]0.913Male sex, no. (%)7 (13.7)2 (11.1)0.777Race, no. (%)0.289 White23 (45.1)11 (61.1) African American22 (43.1)4 (22.2) Other6 (11.8)3 (16.7)Weight, median \[IQR\], kg69 \[61--83\]72 \[59--77\]0.766Serum creatinine^[a](#table-fn2-2045894019868422){ref-type="table-fn"}^, median \[IQR\], mg/dL0.95 \[0.70--1.20\]0.85 \[0.69--1.77\]0.352PAH sub-group, no. (%)0.720 Idiopathic23 (45.1)7 (38.9) PVOD1 (2.0)1 (5.6) Associated with another condition27 (52.9)10 (55.6)  Connective tissue disease21 (41.2)5 (27.8)  Congenital heart disease1 (2.0)0 (0)  Portal hypertension4 (7.8)5 (27.8)WHO functional class, no. (%)N = 45N = 150.877 I6 (13.3)2 (13.3) II22 (48.9)7 (46.7) III14 (31.1)4 (26.7) IV3 (6.7)2 (13.3)WHO functional class, median \[IQR\]2.0 \[2.0--3.0\]2.5 \[2.0--3.0\]0.789PAH medication regimen, no. (%) PDE5 inhibitor37 (72.5)13 (72.2)0.979 Riociguat4 (7.8)3 (16.7)0.286 Endothelin receptor antagonist26 (51.0)12 (66.7)0.250 Prostanoid22 (43.1)10 (55.6)0.280  Intravenous0 (0)1 (5.6)  Subcutaneous12 (23.5)3 (16.7)  Inhaled5 (9.8)4 (22.2)  Oral5 (9.8)2 (11.1)Number of PH-evidence based medications, no. (%)0.384 01 (2.0)0 (0) 121 (41.2)5 (27.8) 219 (37.2)6 (33.3) 310 (19.6)7 (38.9)Concomitant medications, no. (%) Calcium channel blocker7 (13.7)3 (16.7)0.761 Beta blocker14 (27.5)5 (27.8)0.979 ACEI/ARB6 (11.8)1 (5.6)0.453 Digoxin2 (3.9)1 (5.6)0.770 Loop diuretic26 (51.0)12 (66.7)0.250RV function, no. (%)N = 39N = 16 RV dilation20 (51.3)12 (75)0.105 RV contractile dysfunction12 (30.8)1 (6.3)0.052 RV contractile dysfunction severity0.460  Mild7 (17.9)1 (6.3)  Moderate4 (10.3)0 (0)  Severe0 (0)0 (0)TAPSE^[b](#table-fn3-2045894019868422){ref-type="table-fn"}^, median \[IQR\], mm19.5 \[16.8--23.0\]19.0 \[17.0--23.0\]0.928Hemodynamics, median \[IQR\]N = 9N = 4 PVR, Wood units8.4 \[5--10\]5.8 \[4--8\]0.280 Cardiac index, L/min/m^[@bibr2-2045894019868422]^3 \[2--4\]3.3 \[2--4\]0.877 RA pressure (mean), mmHg12 \[5--15\]10 \[8--18\]0.591 Pulmonary capillary wedge pressure, mmHg11 \[8--17\]16 \[10--20\]0.349 PA pressure (mean), mm Hg52 \[45--57\]54 \[45--61\]1.000Pro-BNP^[c](#table-fn4-2045894019868422){ref-type="table-fn"}^, median (IQR), pg/mL594 \[79--2810\]806 \[125--4570\]0.7256-MWD^[d](#table-fn5-2045894019868422){ref-type="table-fn"}^, median (IQR), m362 \[256--488\]350 \[218--429\]0.570[^1][^2][^3][^4][^5]

There was a higher rate of all-cause hospitalization during the treatment period in the ARA group compared to the control group (61.1% vs. 21.6%; p = 0.002). However, there was no difference in the rates of hospitalization for worsening heart failure or pulmonary hypertension between groups (22.2% ARA group vs. 13.7% control group; p = 0.397). In a sub-group of patients with documented WHO functional class III or IV at the time of the index clinic visit (n = 23), there was a higher rate of all-cause hospitalization in the ARA group compared to the control group (6/6 (100%) vs. 7/17 (41.2%); p = 0.012). Similarly, in patients with documented WHO functional class I or II at the time of the index clinic visit, there was a higher rate of all-cause hospitalization in the ARA group compared to the control group (4/9 (44.4%) vs. 3/28 (10.7%); p = 0.025). These findings of the sub-group analysis are consistent with the primary outcome of the overall study population. There was no difference between groups in the total number of hospitalizations per patient (1.91 ± 1.37 ARA group vs. 1.91 ± 1.04 control group; p = 1.000) or in the number of hospitalizations for worsening HF or PAH per patient (0.64 ± 1.02 ARA group vs. 1.27 ± 1.27 control group; p = 0.211).

Limitations of this study include single-center retrospective design, which introduced the possibility for bias by indication, and small sample size. Additionally, trends in differences observed in key baseline characteristics, including a non-significantly higher rate of loop diuretic use and higher pulmonary capillary wedge pressure in the ARA group compared to the control group may have contributed to our findings. This would support the possibility raised by Maron et al.^[@bibr3-2045894019868422]^ that ARA use may represent a marker for PAH disease severity. Finally, the study design prevented us from evaluating changes in functional criteria, including WHO functional class and 6-MWD, over the study period.

There are currently two prospective randomized placebo-controlled trials ongoing to evaluate the potential benefit of spironolactone in patients with chronic stable RHF and those with stable PAH without RHF, respectively.^[@bibr6-2045894019868422].[@bibr7-2045894019868422]^ STAR-HF is evaluating whether spironolactone is associated with a significant reduction in RV ventricular wall stress, as reflected by a reduction in serum NT-proBNP, in approximately 30 patients with chronic stable right HF.^[@bibr6-2045894019868422]^ The latter study is evaluating the effect of spironolactone on exercise capacity, clinical worsening, and vascular inflammation in approximately 70 patients with idiopathic or disease-associated PAH.^[@bibr7-2045894019868422]^

Overall, we found a significantly higher rate of all-cause hospitalization in patients with Group 1 PAH in the ARA group compared to the control group. Results from larger, prospective studies such as those currently ongoing are needed to further evaluate the clinical benefit of ARAs in PAH patients.
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[^1]: 6-MWD, 6-minute walk distance; ACEI, angiotensin converting enzyme inhibitor; ARA, aldosterone receptor antagonist; ARB, angiotensin receptor blocker; IQR, interquartile range; LVEF, left ventricular ejection fraction; PA, pulmonary artery; PAH, pulmonary arterial hypertension; PDE5, phosphodiesterase 5 inhibitor; PH, pulmonary hypertension; Pro-BNP, pro brain-type natriuretic peptide; PVOD, pulmonary veno-occlusive disease; PVR, pulmonary vascular resistance; RA, right atrium; RV, right ventricular; TAPSE, tricuspid annular plane systolic excursion; WHO, World Health Organization.

[^2]: n = 30 (control group), n = 13 (ARA group).

[^3]: n = 18 (control group), n = 11 (ARA group).

[^4]: n = 11 (control group), n = 10 (ARA group).

[^5]: n = 38 (control group), n = 12 (ARA group).
